Introduction IN the routine work at this clinic during the last few years, electromyography has been found a reliable method for distinguishing between muscular dystrophies and lesions of the lower motor neurone. When other clinical methods have failed it has been possible. by the aid of electromyography to differentiate not only between late distal forms of myopathy from peroneal muscular-atrophy, but also proximal forms of muscular dystrophy from certain cases of proximal spinal muscular atrophy.
There are but few published observations on the electromyogram in cases of muscular dystrophy in which the modern technique introduced by Adrian and Bronk (1929) with coaxial needle electrodes-has been applied. Buchthal and Clemmesen (1941 a) used this method in order to differentiate muscular dystrophy from neurogenic lesions. In genuine severe myopathy they found, as in the normal muscle, that voluntary contraction was accompanied by the interfering activity of many motor units. Only in extremely severe atrophy (observed in one muscle) did they note a slight decrease in the number of active units, as is seen in cases of mild injury of the lower motor neurone. In moderate or severe neurogenic lesions, on the other hand, the number of active units registered is markedly reduced. On maximal contraction, " single discharges" may be obtained without interference from neighbouring units, as had also been observed by Seyffarth (1938 Seyffarth ( , 1940 and by Weddell and others (1944) . Bowden and Gutmann (1946) recorded the electrical activity of muscle in one case of progressive muscular dystrophy. Here, however, on maximal contraction merely a few action potentials were left, some of which were indistinguishable from action potentials characteristic of fibrillation.
The present paper is concerned mainly with a study of the changes in the electrical activity of voluntary muscle in man in various forms of myopathy. For the purpose of comparison, electromyographic changes in different types of lesions of the lower motor neurone are described.
Technique
Coaxial needle electrodes (platinum wire, 0-20 mm. in dianAeter, insulated by a glass capillary tube from a cannula of stainless steel with an outer diameter of 0 5 mm.) were employed. The action potentials were led off to a one-channel balanced condenser-coupled amplifier connected to one beam of a cathode-ray tube; the other beam of the tube was connected to an oscillator which recorded the time in milliseconds or 1/100 second. The time constant was about 1/30 of a second, and the gain linear between 204,000 cycles per second.
For diagnostic purposes, it is sufficient to observe the picture on the screen. Only if the duration and size of the action potentials are to be exactly determined will measurements from tracings be necessary. In this study the picture on the screen was first observed at different sweep velocities. In order to obtain surveys of the course of the voluntary contraction, the sweep was then stopped and a picture was taken while the patient was making a minimal continuous contraction, slowly increasing to maximal. The speed, at which the photographic paper was fed forward was 10 cm. per second.
In order to obtain detailed pictures of individual action potentials, the cathode ray tube was rotated 90 degrees, so that the sweep carried the ray horizontally over the screen about three times a second. When the film is running vertically in front of the tube, a series of such pictures one above the other is obtained. With the sweep velocity adopted, i to 1 cm. on the screen corresponded to a millisecond, which permits an exact determination of the duration and form of the action potentials.
Results PRIMARY MUSCULAR DISORDERS In the muscles under examination, the patient was asked to make a minimal contraction, slowly increasing in intensity, so that four or five different " units," recorded with the needle at the same position, coulct be followed from the start until they had merged into the activity of neighbouring " units." The position of the needle was then changed. In this way, at several positions in the muscle, samples of action potentials were available for quantitative determinations of both-duration and amplitude. At-the same time one could obtain an idea as to how many active units there were on maximal contraction. 122 group.bmj.com on May 2, 2017 -Published by http://jnnp.bmj.com/ Downloaded from
ELECTROMYOGRAMS IN MUSCULAR DISORDERS
The position of the needle is carefully tested under control of the picture on the screen. In large muscles it may often be difficult to separate the different " units." Sometimes, as found by Gilson and Mills (1941) , one succeeds best with the point of the needle immediately under the fascia. The small intrinsic muscles of the hand and foot are the most easily examined.
The finding of a suitable position for the needle is largely a matter of chance. In the muscle there is a functional organization of different units, certain of them being activated by a slight contraction, others only as the contraction increases in intensity. The aim is, therefore, to bring the point of the needle in close contact with a low-threshold unit which can be recorded without disturbance. The point of the needle should not lie outside the muscle, nor in areas which are silent owing to pathological changes.
An unsuitably placed needle electrode gives no more information than can be recorded with pad electrodes, as exemplified by Fig. 1 . This record is taken from a severe case of progressive muscular dystrophy (Case 1) from the greatly atrophied first interosseus muscle. Contractile tissue could scarcely be palpated, and there were no visiblemovements of the fingers when an attempt was made to spread them out. The needle position was first adjusted so as to obtain isolation of the action potentials (record a), of which a detailed picture is presented in record d. The number of units was greatly reduced. Only two or three are repetitive, with a frequency of 30 per second and occasionally up to 50 duiPing maximal contraction. The high frequency is a good check that the person examined is doing his best to contract the muscle.
If (record b) the position of the needle is gently shifted a few millimetres, the base line becomes disturbed. The' fine, distinct action potentials which repeat with a fairly constant amplitude are to an increasing degree replaced, even in minimal contraction, by broad, irregular potentials. If the patient makes a maximial contraction, they may have a rather large amplitude (Fig. lc) . This interfering activity fails to give the information that the muscle examined has a greatly reduced number of active units (Fig. la) Milhorat and Wolff (1943) .
In some of these cases the insertion of the needle was followed by a series of action potentials of the fibrillary type, which died away in a few seconds, and indicated an increased mechanical irritability, When voluntary activity was already lost in the muscle to be tested, " insertion activity " could not be obtained, this being, in 
ELECTROMYQOGRAMS IN MUSCULAR DISORDERS
On voluntary contraction, the amplitude of the largest spike diminished rapidly, but by degrees, from 15 millivolts to 500 microvolts. The reason was presumably that the point of the needle had shifted, but a blocking of some fibres in the " unit-" would have produced the same result (Hoefer and Putnam, 1939; Buchthal and Clemmesen, 1941 a) .
As shown in Fig. 8 (from the first interosseus muscle of Case 12), the number of units is larger in the less affected muscles. Records a, b, c show the recruitment of spikes with an increasing amplitude as the contraction is intensified. The contraction is introduced by a small spike of 50 microvolts, followed in turn by units of 100 and 200 microvolts (record a); next comes one of 250 microvolts (record b), and finally a spike of 800 micr?volts (record c). Thereafter the recruiting cannot be followed any further. All the, action potentials have a duration of 1 to 2-5 milliseconds (record e). Although a considerable number of units were mobilized on maximal voluntary contrattion (record d), the patient could barely -move the second finger. In this case, therefore, the individual action potentials represent very much less muscle strength than in normal muscle. The same condition is exemplified by Fig. 9 from the first interosseus muscle (Case 15). Records b and c show the activity on maximal contraction at two different positions of the needle while the strength developed by the muscle barely sufficed to move the-forefinger.
For the purpose of comparison with neurogenic lesions, the amplitudes of the action potentials were measured in the order in which they were "recruited " (see Table) as the contraction was iintensified. Six cases with severe changes were selected. In all 6, the number of " units"' was greatly reduced, so that " single discharges " were obtained. In this respect the picture was thus identical with that seen in moderate or severe neurogenic paresis. By way of comparison, the Table also shows the average of double determinations of six normal cases recorded from the same muscle, that is, five from the first interosseus and one from the peroneal muscle. Dystrophia Myotonica.-In dystrophia myotonica, Cases 26-29, the electromyographic picture is the same as in progressive muscular dystrophy, apart from the specific myotonic changes analyzed by Lindsley and Curnen (1936) , Denny-Brown and Nevin (1941), and Buchtal and Clemmesen (1941 b) in man, and by Brown and Harvey (1939) in myotonic goats.
Myasthenia Gravis.-It is also interesting to note that in myasthenia gravis, Cases 30-32, the paretic Amplitude of spikes in order of recruitment in cases of late distal dystrophy and in normal cases. Amplitude in7microvolts.
muscle 'shows an electromyographic picture in certain respects identical with that seen in progressive dystrophy. When the paresis is very pronounced, as exemplified by Fig. 10 a and b from an almost paralytic' biceps muscle (Case 30),-the number of action potentials is only moderately reduced. The largest spike in the record can be followed on maximal voluntary contraction, against a background of smaller action potentials covering the base line (record b). As shown 'by Lindsley (1935) , the amplitude of the spikes tends to diminish on continued contraction, as is also seen in record a and b. When the muscle is paralytic (record d from the masseter muscle of case 32), only a few active units, with a small amplitude, are left. Prostigmin rapidly restores 'the electromyogram to a more normal picture. As in muscular dystrophy, the extremely rapid action potentials are observed when' the paresis'is pronounced (Fig.-10c) Spillane (1943) . The record was taken six months after the onset of the disease which clinically paralysed left deltoid muscle. There was no spontaneous fibrillation, but the insertion ofthe needle evoked a vigorous outburst of fibrillary action potentials, which died away after about ten seconds. Parts of the muscle were electrically silent on voluntary contraction. In other places small action potentials (Fig. 1 la) were elicited, with a duration of 1 to 2 milliseconds. When the position of the needle was moved, action potentials oflarger amplitude (record c), though with the same duration (record d), could be observed. Moreover, there were numerous polycyclic action potentials (records b and e). These findings are in complete accord with those of Weddell and others (1944 Even when the paresis is only moderate, the number of spikes is distinctly reduced and they barely take up the base line. Reduction to this extent thus occurs earlier than in muscular dystrophies with a similar degree of paresis. This is exemplified by Case 35 (Fig. 13) , where the patient was suffering from peroneal muscular-atrophy.
Record 13a (calibration 500 microvolts) from the moderately paretic muscle of the right calf shows that the number of action potentials is so reduced that they do not cover the base line on maximal contraction. The amplitude of the spike with which the voluntary contraction starts is 500 microvolts; the next 5 millivolts; the third 3 millivolts; the fourth and last 12 millivolts. If we compare these amplitudes with the normal values in the Table, it will be found that they are much larger.
One should guard against mistaking action potentials evoked by the mechanical irritation of the needle for voluntary spikes. The mechanical irritability in denervated muscles is usually very marked, and a minor movement of the point of the needle owing to muscular contraction often suffices to elicit fibrillary action potentials or spikes with a greater amplitude and duration. Sometimes the slight movement in the point of the needle that occurs when an adjacent unit contracts may suffice to eVoke them. The repetitive action potentials of the fibrillary type (record 13d) or the larger ones (record c) following the voluntary action potentials ' 126 group.bmj.com on May 2, 2017 -Published by http://jnnp.bmj.com/ Downloaded from with a " latency time " of 20 to 100 milliseconds are most easily explained in this way. Repetition in the same unit as is innervated or in adjacent units, evoked by excitation of the action potential, is less probable. At any rate they should not be viewed as voluntary spikes. In that case they might easily be interpreted as spikes of the dystrophy type, seeing that their duration is usually shorter than normal. Discussion
The most important new fact which has. emerged from this electromyographic study-is the early change in cases of primary myopathy consisting of the occurrence of an abnormally large number of very rapid action potentials with a duration of about 1 millsecond. These seem to be produced by the gradual shortening of the duration of the normal action potentials and presumably represent the final stage in this process. The other changes in the electromyogram are an inconstant diminution in the amplitude of the spikes and a reduction in their number, which is clearly noticeable only when there is marked paresis of the muscle tested. As shown by Figs. 8 and 9, the number of action potentials remaining may be considerable, even in muscles which appear to be almost paralysed.
In such cases they represent much less muscular power than the average action potentials in normal muscle.
All these changes in the electromyogram are most easily explained on the assumption that the number of muscle fibres belonging to the " units " are gradually diminished by the pathological process. The " units " eventually are completely destroyed, but not all of them at the same time, and some are more resistant than others. Whether the process is connected mainly with the small spikes which start the voluntary contraction (Smith, 1934) , and which were thought by Denny-Brown and Pennybacker (1938) to represent small units controlling a few muscle fibres, and have been shown by Kugelberg and Skoglund (1946) to be innervated by low-threshold nerve fibres, or whether the process is connected with the larger high-threshold spikes, could not be determined. The degenerative process,.
however, seems to be rather diffuse. When the number of spikes in the myogram is distinctly reduced, the remaining action potentials as a rule are also profoundly changed in that the duration is shortened both of the spikes activated at an early stage in contraction, and of those activated only after intense contraction.
The electromyographical picture of dystrophies seems to correspond with the histological changes described, for example, by Pappenheimer (1908) , Slauck (1921 , 1932 ), and Bowden and Gutmann (1946 .
It is not surprising that the electromyogram in muscular dystrophies should show changes very similar to those in cases of myasthenia gravis. As shown by Lindsley (1935) , Harvey and Masland (1941 ), Harvey and others (1941 ), Harvey and Lilienthal (1941 , the paresis is caused by a neuromuscular block. One muscle fibre after the other is blocked in the unit; and, though this process is functional and reversible, its result will be essentially the same as if an increasing number of muscle fibres were put out of action in the unit by other more profound changes, as in muscular dystrophy.
It is, moreover, evident that-the electromyographical picture in reinnervation must in some respects be identical with that in myopathies. All the muscle fibres in a "unit " cannot, of course, be reinnervated at the same time. The unit must, therefore, to begin with, consist of an abnormally small number of nmuscle fibres. Just as has been found to be the case in myopathies, the power of the muscle on maximal voluntary contraction-will be poor despite the fact that many units are\brought into operation. The individual action potentials tend to become more rapid and of lower voltage than the normal ones.
Myopathies affect individual muscle fibres, whereas lesions of the lower motor neurone affect whole " units." The destroyed unit belonging to one nerve fibre is put out of action at once and not gradually.-If we have, say, 100 nerve fibres innervating 100 units, each composed of 100 muscle fibres, and destroy 90 per cent. of the nerve fibres, the number of units and the muscular power will be reduced to one tenth of the original. In myopathy, if 90 per cent. of-the muscle cells had been uniformly destroyed in all units, the muscular power would likewise have been reduced to onetenth, but the number of functioning units would have remained unchanged.
A decrease in the number of spikes relative to the loss of muscular power occurs, therefore, much earlier in neurogenic than in myogenic lesions. However, as shown above, units are not always destroyed uniformly in cases of myopathy, though eventually there is a considerable reduction in their number, so that " single discharges " are obtained on maximal voluntary contraction. This occurs most often in localized forms of myopathy, which, clinically, may show great similarity to certain neurogenic diseases. In such cases the number of spikes in the electromyogram relatively to the degree of-paresis cannot serve as a basis for the differential diagnosis. Moreover, fibrillary twitchings Fig. 15a ). Time 11/00 sec. In detail pictures of single spikes, time 1/1,000 sec.
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